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ABSTRACTEXECUTIVE SUMMARY 

Treatability studies to remove Pu and Am from contammated soils m Operable Unit 2 of 

the 903 Pad Area at the Rocky Flats Plant are bemg conducted 'The soil m Area 2 was 

contaminated as a result of drums that were stored m that area which leaked The 

remediation technology under development for the removal of actinides from 

contammated soils uses a leaclung scheme (mvolving redox and complexing agents) to 

chemically enhance the steam stnppmg process This report focuses on Phase I of the 

development effort whch consists of selectmg leaclung schemes capable of removmg Pu 
and Am from sods at the temperatures expected d m g  the steam stripping process The 

selected leachrng schemes would then be tested m conjuncbon with steam strippmg to 

remove actnudes from Rocky Flats soils at the bench scale 

The techruques used m Phase I of ths  report to select the most p r o m m g . l e a h g  schemes 

consisted of batch desorpbon experiments and cifumn studies 

experiments consisted of equilibrating contaminated soil with a leaching soluhon 

separatmg the phases and determmg the amount of Am and Pu m each phase These 

batch desorpbon experiments were performed at 20 and 80 C Column expenments were 

used to corroborate the fmdmgs of the batch experments after one of the most promismg 

leaclung schemes was selected 

1 

e i 

Batch desorption C 

Usmg complexants alone at 20 C over 60% of the americium and 50% of the plutoruum m 

the soil can be removed Comblrung complexants with a reducmg or oxidizmg agent yields 

the best results More than 70% of the amencium and 70% of the plutoruum ln Rocky Flats 

soils can be removed at 20 C by usmg a complexant and a reducmg agent At 20°C the 

largest amounts of Am were removed (between 70 80%) with those leachlng schemes m 
whch dithiorute was used m a p H  range of 5 4 7 4 with the followmg complexants citnc 

acid NTA EGTA DTPA EDTA At 20 C the largest Pu removal ( i e  75%) was 

accompllshed with NTA / dithiorute at a pH of -5 5 
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For approxlmately 40% of the leaclung schemes the removal of Am from Rocky Flats soils 

was found to mcrease with mcreasmg temperature For approxunately 60% of the leaclung 

schemes there was no practical difference in the removal of Am with increasrng 

temperature (1 e +lo% dlfference) In only two leaclung schemes (NagCitrate / 3% H202 

and NTA / 3 33 eq NaOH / Na2S208) was there a decrease m percent Am removal with 

mcreasmg temperature The same trends were observed for Pu with the excephon of the 

followmg two leachmg schemes (NazEDTA/l eq NaOH / 3% H202 and DTPA / 3 45 eq 

NaOH / 3% H202) m which the percent Pu removal decreased with an mcrease m 

temperature 
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At 80°C it is possible to remove over 70% of the Am rn the soil and 60% of the Pu m the 

sod without the uhluahon of a redox agent The use of complexants with redox agents at 

80 C removed over 80% of the Am m the soil and over 70% of the Pu from the soil At 

80 C the largest amounts of Am were removed (between 80 90%) with those leachmg 

schemes m whch dithionite was used in a pH range of 5 4 7 4 with the followmg 

complexants NTA EGTA DTPA EDTA At 80 C the largest Pu removal (1 e 78%) was 

accompllshed wth NTA / dithromte at a pH of -5 5 

Column experunents rndicated that over 70% of the alpha achvity could be removed from 
soil columns at 20 and 75 C by usmg sodium citrate rn conjunct~on with a reducmg agent 

such as ascorbic acid or ditluoxute These results corroborate those found with the batch 

desorpbon expements 
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1 0  INTRODUCTION 
1 1  Site History 

The particular focus of thls study is Operational Unit 2 903 Pad area which potenbally 

contams plutoruum americium and organic solvents Expenments were performed on 

sods which were collected from the 903 Pad by Rocky Flats personnel The 903 Pad Area 

encompassmg the ongmal903 Drum Storage Site was used from October 1958 to January 

1967 for storage of radioactme contammated od drums whose contents were described by 

Calluns (1970) 

Most of the drums transferred to the field were nommal 55 gallon drums but a sigruficant 

number were 30 gallon drums Not all were completely full Approxlmately three fourths 

of the drums were plutomum contarmnated whde most of the balance contamed uranium 

Of those contammg plutomum most were lathe coolant consistmg of a straight cham 

hydrocarbon mmeral oil and carbon tetrachloride myarymg proporbohs Other liqtudss 

were rnvolved however rncludrng hydraulic ods vacuum pump oil tnchloroethylene 

perchloroethylene sihcone olls In 1959 or possibly earher ethanolamme was added to the 

oil to reduce the corrosion rate of the steel drums 

b 

An estmated 5 000 gallons of liquid (Freiberg 1970) contamg 86 g (5 3 Ci) of plutonium 

leaked mto the soil Site gradmg m preparabon for applyrng an asphalt cap over the area 

included moving slightly contammated soil A total of 33 drums of radioactive 

contarmnated rocks were removed and two courses of clean frll material were placed over 

the site The asphalt covermg was applied about two months later (Freiberg 1970) The 

cover is approximately 8 centmeters (cm) ~ c k  and underlam by approxunately 15 cm of 

loose gravel and 8 cm of fill dut 
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1 2 Technology Introduchon 

Tlus work evaluates the use of thermally enhanced aqueous extraction processmg of sods 

for the removal of radionuclides The concept combmes the technologies of redox 

chelahon and steam processmg to meet the challenge of decontammatmg 903 Pad area 

sods In phase I of t h ~ ~  study emphasls was gven to d e s i p g  leaclung schemes capable 

of removmg Pu and Am from Rocky Flats soils The leaclung schemes designed will be 

used to chemically enhance the steam strippmg process for the mobhahon and removal 

of radionuchde from contammated soils l h s  effort is part of the treatabdity studies for 

actmde-contammated sods m OU2 s 903 Pad area but has potenbal apphcabhty to other 

radionuclide contammated sites at the Rocky Flats Plant 

Actmides (such as Pu Am and U) tend to have a strong affmty for the mmerals m most 

soils (Thomas 1987 and Triay et a1 1991) The mecharusms that normally d o m a t e  

radionuclide sorption are surface complexation (CoMes et a1 1992) and ion exchang% 

(Triay and Rundberg 1989 and 1987) Smce the radioacbve metals are Lewis acids (I e 
acqwre electrons to reach an mert state) complexants that act as Lewis bases (1 e have 

electron paus that can be shared with the metal) can be uthzed to leach Pu and Am from 

contammated sods 

b 

t 

The effectweness of complexants to remove plutoruum and amencium from soils depends 

on the chemical form of these metals m the contammated area Pimp1 and Schucttelkopf 

(1991) report that Pu Am and Cm ~II soil columns contammated with 5 mCi of each 

actmide near the surface were mobillzed and migrated with an irrigation solubon 

contammg 0 1M DTPA After elution of the irrigabon solubon less than 3 pCi/g of activity 

was found m the soil Lee and Marsh (1992) have reported that a sigmficant amount of 

uraruum can be extracted from Femald sods u&mg citric acid and carbonate 
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2 0 CONCLUSIONS AND RECOMMENDATIONS 
2 1 Conclusions 

The results of the expements performed mdxated that usmg complexants alone at 20 C 

over 60% of the americium and 50% of the plutonium m the soil can be removed 

Combmmg complexants with a reducmg or oxldrzmg agent yields the best results More 

than 70 /O of the americium and 70" of the plutonium m Rocky Flats sods can be removed 

at 20 C by usmg a complexant and a reducmg agent At 20 C the largest amounts of Am 
were removed (between 70 80%) with those leaclung schemes m whch ditluomte was used 

m a pH range of 5 4 7 4 w~th the followmg complexants citnc acid NTA EGTA DTPA 

EDTA At 20 C the largest Pu removal ( i e  75%) was accomplished with NTA / 
ditluomte at a pH of -5 5 

For approxunately 40% of the leadung schemes the removal of Amfrom Rocky Flats soils 
was found to mcrease with mcreasmg temperature For appromately 60% of the leaclung 

schemes there was no practical difference m the removal bf Am with increasmg 

temperature (1 e +lo% difference) In only two leadung schemes (NagCitrate / 3 h H202 

and NTA / 3 33 eq NaOH / Na2S208) was there a decrease m percent Am removal tylth 

mcreasmg temperature The same trends were observed for Pu with the excepbon of the 

followmg two leaclung schemes (Na2EDTA/l eq NaOH / 3% H2Q2 and DTPA / 3 45 eq 

NaOH / 3% H202) m which the percent Pu removal decreased with an increase m 

temperature 

-(r 
i z 

At 80OC it is possible to remove over 70Y of the Am in the sod and 60% of the Pu m the 

sod without the ublizabon of a redox agent The use of complexants with redox agents at 

80 C removed over 80% of the Am m the soil and over 70% of the Pu from the soil At 

80 C the largest amounts of Am were removed (between 80 90Y0) with those leachmg 

schemes in which dithiomte was used m a pH range of 5 4 7 4 with the followmg 

complexants NTA EGTA DTPA EDTA At 80 C the largest Pu removal (1 e 78 10) was 

accomphshed with NTA / dithiorute at a pH of -5 5 
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The matm that was tested m Phase 11 of this study consisted of citric acid and a reducmg 

agent as a funchon of temperature Prelunrnary column experunents mdicated that over 

70% of the alpha achvity could be removed from soil columns at 20 and 75 C by usmg 

sodium citrate rn conjuncbon with a reducrng agent such as ascorbic acid or dithionite 

These results corroborate those found with the batch desorphon experunents 

2 2 Recommendations 

The results obtamed from Phase I of tlus study allow the selecbon of the opbmal leachmg 

schemes to chemically enhance the steam mjecbon process for the removal of Pu and Am 

from Rocky Flats sods The optunal pH range for the citrate/dithionite leaclung scheme 

for the removal of Pu and Am seems to be 5 to 6 Increase m temperature seems to enhance 

the removal of Pu and Am from soils usmg citric acid m the absence of a redox agent 

Testmg of a leadung scheme (mvolvmg citrate and a reducmg agdht) has occurred usmg 
column experiments and results suggested the removal of radionuclides from soils 
basically stayed constant as the temperature mcreased rn the cases where leadung schemes 

lnvolved a complemg and a redox agent In Phase II of ths  study the actual removal of 

Am and Pu from the sods usmg column expements and a leadung scheme mvolvmg citnc 

acid and a reducmg agent should be measured with better analybcal eqmpment 

- r  B r 

Results from batch desorpbons (phase I) and column experunents (phase II) suggest that m 
combmabon with a redox agent citrate is a smtable complexmg agent to remove Pu and 

Am from Rocky Flats soil Removal rates for the better leaching schemes do not 

signihcantly mcrease with an mcrease m temperature and suggest that hgh  temperatures 

may not be necessary durmg phase III of the chemically enhanced remediahon technology 

development 
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3 0 TREATABILITY STUDY APPROACH 

3 1 Test Objectives and Rabonale 

Testmg wll be conducted m three phases (1) selectmg prormsmg chelator redox systems to 

chemically enhance the steam strippmg process (usmg fast turnaround lab scale 

extrachon tests) (2) further r e h g  the 1st of chemical enhancers to the more promsrng 

chelator redox agent systems usmg bench scale soil column washing tests and (3) 

ophmizmg the most p r o m m g  chelator redox systems using bench scale soil column 

washmg tests The objed~ves of the three-phase study are 

(1) To select appropnate chelatmg redox agent systems and to define test matrix 

and work plan for bench scale tests 

(2) To perform bench scale tests to evaluate plutoruum and amencium mobihzabon 

and removal efficiency usmg sutable chelating agents and redox condibons 

(3) To perform bench scale tests to opbmlze &tomum and arriericium removal 

usmg sutable con&bons that rmrumlze chermcal loadmg and modificabon of soils 

1 

d t 

This report will focus on the results of Phase I of this study mtended to select the 

appropriate chelatmg redox agent systems to chemically enhance the steam strippmg 

process for the mobihabon and effiaent removal of plutoruum and amencium from Rocky 

Flats sods 

3 2 Treatment Technology Descnption 

3 2 1 Treatment technology 

Soil decontammahon and washrng evaluahons have been conducted at RFETS smce the 
early 1970s and results have appeared m reports m the mternal and external hterature R 

L Olsen et a1 (1980) described the decontammahon of the 903 Pad area followmg cleanup 

of the leakmg drums m 1968 They reported that radiological contarmnabon of 2000 

300 000 dpm/100 cm2 had penetrated the 903 Pad sods to a depth of 20 cm 

I 
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Hicks and Blakeslee (1981) summarlzed a decade of soil charactenzahon and bench scale 

attrihon scrubbmg studies performed at RFETS on RFETS 903 Pad Area soils Plutoruum m 

these soils occurs m both parhculate (0 2 mm mean diameter associated with soil parhcles) 

and dlssolved (or perhaps colloidal) forms Wet screerung and radiornetnc charactenzahon 

of the soils showed that the majonty of plutonium (and amencium) was associated with 

sods less than 2 4 mm rn parhcle sue Attrihon scrubbrng of soils with hot (80 C) dlstdled 

water or aqueous solutlons of chemical agents (e g HzO NazC03 NaClO NazSi03) 

chelators (e g oxahc acid citnc acid) detergents (e g Oalute NST) and surfactants (e g 

sodium dioctyl sulfosuc mate) showed varymg decontarmnatmg effechveness Oxalic acid 

(0 1M) sodium hexametaphosphate (10%) and 10% detergent solufzons were among the 

more effechve decontarmnatmg systems for the 2 4-4 0 mm soil frachon removmg 95 98% 

of the Pu and Am However residual contammatron levels shll exceeded 60 dpm/g (27 

pCi/g) followmg the scrubbrng process 

Hicks and Blakeslee (1981) also reported sod washmgksts on sods froA five DOE sites 

mcludmg RFETS Three aqueous solut~ons (1) an aqueous pH 12 5 (2) 2% " 0 3  0 2% HF 

2 h pme od and 5% hexametaphosphate (3) 2 N HC1 were evaluated for decontammatmg 

RFETS Hanford Mound INEL and LANL soils Variability m the effectrveness of the 

three phase scrubbing process was noted for soils from the different DOE sites 

Effechveness of the soluhons also varied with the soil slze frachon tested 

I 

d 
4 

Peths and Kallas (1988) conducted bench scale testmg and reported that simple room 

temperature wet screenmg of 903 Pad soils was capable of decontaminatxtg the size 
fracixon greater than 4 mm (approxunately 60 wt% of the total) to <5 dpm/g (2 3 pCi/g) Pu 
and Am The size frachon greater than 2 4 mm (approximately 65 wt% of the total) was 

decontammated to less than 12 dpm/g (5 5 pCi/g) Pu and 6 dpm/g (2 7 pCi/g) Am by wet 

attnhon scrubbmg The remalrung (sod frachon less than 2 4 mm) was treated by ambon 

scrubbmg ultrasoruc scrubbmg oxidahon calcrnahon deslimmg flotahon and heavy 

liquid density separahon Although somewhat guarded because of results for selected slze 

fractions they concluded that attrition or vibratory scrubbmg and either mrneral jig or acid 

f 



1 
I 
I 

EG&G Rocky Flats Inc RFETS Document No RF/ER 94 0027 UN 
CHEMICALLY ENHANCED STEAM STRIPPING OF Document Revision 0 
RADIONUCLIDES FROM RFETS SOILS Page 12 of 30 
PHASE I INTERIM TREATABILITY STUDY REPORT Effective Date 1 / 2 4 /  9 5 

leaclung of t h s  fracbon would be effectwe for a decontammabon goal of c30 dpm/g (14 

p c m  

Steam S h i ~ ~ m g  

Of the various remediation approaches noted above under the thermal category of 

remediahon technoloees one mnovatwe technology is d y n m c  underground stnpprng- 

whch 1s an adaptahon of steam mjedon and electncal heatmg Steam mjechon accelerates 

removal of the NAPL contammants and is combmed with vacuum extrachon to perform 

accelerated removal of volatde contaminants such as underground hydrocarbon spllls 

electrical heatmg accelerates the process Steam injection technology has been 

demonstrated for remediatmg NAPLs and VOCs m subsurface soils and clay layers Arnes 

and Newmark (1992) and Buettner et a1 (1992) have successfully tested h s  technology m 
combmahon wlth electrical heatmg on a bench scale and small fieid scale for the removal 

of NAPLs/VOCs m soils or clay layers EPA s Vendor - Formahon Semce for Innovative 

Treatment Technologies (VISITT) reports that steam stripping technology is being 

commerciallzed by Praxls Enwonmental Services (San Franclsco CA) (Stewart 1992) 

t 

Redox Chemistrv 

Mobillzahon of contammants can be obtamed as a result of physical or chemical achon 

Chemically rnduced mobilrzation occurs either by chemical action on the contammant 

directly (e g plutoruum) or its support substrate (1 e soil) In the case of plutoruum 

contammated soils the mobihahon of sod bound species depends to a large extent on the 

physical and chemical properhes of both the plutonium and the soil 

I 
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Plutoruum generally exlsts m mulhple oxidahon states ID TV V and VI and m the natural 

envrronment (associated with soils) plutoruum is normally found rn either the N state or 

to a lesser extent the VI state The oxldahon state of the plutonium is a detennuung factor 

in its solubility - III V and VI states bemg more soluble than the IV state whereas 

americium normally OCCUTS only m the III state Redox (or chemical reducbonloxldahon) 

behavior of plutoruum features lughly rn its propensity for dlssoluhon and modlficatron of 

its oxldation state is an important tool m changmg solubility Cleveland (1971) has 

descnbed condihons for both reduchon and oxidatron of Pu(N) usmg a vanety of chemical 

reagents We evaluated sunple reduclng and oxldlzmg agents and conditrons to accelerate 

dlssolubon/mobdmatron of the plutomwn 

Chelahon Chemistrv 

Mobilization of metallic contaminants is greatly enhanced by formation of strong 

attachments with chemical blndlng agents via chelaha rChelatron chenuktry and chelators ' I 
(or chelates) are often used m associahon with metals to accelerate dissoluhon and/or 

stabhe/mamtam solubAty by dmumshmg the tendency to readsorb or precipitate Once 

dlssolved the soluble specles (m tlus case radionuclide-chelator complexes) are stabdlzed 

by their associatron with the chelate whch in tun enhances their contrnued mobihty A 

variety of complexmg or chelatrng agents mcludmg EDTA are commonly used for this 

purpose Chelatmg agents can also enhance dlssolutron by hghtly bmdmg the radionuchde 

and preventmg readsorption or precipitahon 

4 

x- 



1 

EG&G Rocky Flats Inc RFETS Document No RF/ER 94 0027 UN 
CHEMICALLY ENHANCED STEAM STRIPPING OF Document Revision 0 
RADIONUCLIDES FROM RFETS SOILS Page 14 of 30 
PHASE I INTERIM TREATABILITY STUDY REPORT Effective Date 1/24/95 

Shemicallv Enh anced Steam S ~ D D  mg 

The remediahon technology under development combmes steam mjecbon redox and 

chelabon for the leahg/washmg of radionuclides from sods Steam mjecbon/extracbon 

technology enhanced by redox and chelabon chemlstry were used to mobhze and flush 

away radionuclides contammatmg RFETS sods Conceptually the process is very simrlar 

m design to steam mjecbon systems mvolvmg mjecbon and downgradient extra&on wells 

but with novel modlficabons to the mjecbon system to promde chemical addihon upstream 

of the sod washmg r e p e  

The technology is refined to mmmue chemcal mjechon with the goal of conductmg zn sztu 

evaluahon or ex srtu treatment w~th  the eventual return of the treated soils to the site The 

benefits of this approach mclude (1) reducmg the volume of cpntamlnated soils (2) 

avoiding extremely harsh condibons therefore unprovmg the potenbal for soil post 

treatment soil viabhty and/or replacement (3) possibl6 tadomg to codammant and soil 

condibons and (4) comblrung with stream stnppmg of VOCs 

3 3 Expenmental Design and Procedures 

3 3 1 Batch Desorphon Expenments 

Batch desorpbon expenments mvolved sievmg the sod samples to partde slze of less than 

53 mm addmg a leachmg solubon contamg a complexant and/or a redox agent mxmg 

the two phases separatmg the phases and determmmg the amount of plutonium and 

americium m each phase These desorphon experunents were conducted at both 20 C and 

80 C All desorphon expements were performed m duplicate The soil used for these 

experunents had a very small parhcle slze (less than 53 mm) the reason for thrs choice IS 

that the Pu and Am content m th~s srze fracbon is larger than m the larger slzes and harder 

to mobilize The complexants tested as a funcbon of pH were citric acid NTA EDTA 

EGTA DTPA and carbonate The reducmg agents were ascorbic aad and dithiorute the 

oxidizmg agents were hydrogen peroxide the hypochlorite ion and the persulfate ion 
Combmations of the complexants with reducmg or oxidlzmg agents were also tested The 
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preparation of the leaclung solubons used is grven m Appenduc A The chemical structure 

of the complexants and redox agents IS gwen m Append= B and C respechvely 

3 3 2 Column Expenments 

Four leaclung solubons (sodium atrate sodium citrate with ascorbic acid sodium citrate 

with ditluonite and sodium chloride soluhons) were eluted at 20 C through columns 

contamng RFETS soil Alr dned RF'ETS soil samples were sieved through a 2 mm sieve 

prior to use m the column experunents The soil column experunents were performed m 
duplicate The amount of radionuchde leached from the RFETS sod was determmed by 

total alpha countmg The columns used contam 350 g of au dned 2 mm sieved RFETS sod 

At least ten column volumes were eluted to d e t e m e  the amount of radionuchdes leached 

from the soil 
A 

3 4 Detail Expenmental Procedures 
1 - T  

3 4 1 Batch Desorpbon Expenments 

The desorpbon expements at 20 C conslsted of 1) weighmg 2 5 g of the RFETS sieved sod 

(with a parhcle size of e53 mm) lnto an Oak fidge centrrfuge tube 2) addmg 20 ml of a 

freshly prepared leaclung solubon to the soil m the tube and capprng the tube hghtly 3) 

placmg the tube m an orbital shaker for 24 hours 4) centrrfugmg the sample for one hour 

at 12 000 rpm (28 000 g) 5) decantmg the hquid from the sohd mto a fresh centnfuge tube 

6) centnfugmg the decanted hqud for one hour at 12 000 rpm 7) pipeffing 10 mL of the 

centnfuged liquid mto a h r d  centnfuge tube for a final two hour centdugahon cycle at 

12 000 rpm 8) analyzmg 5 mL of the centrifuged liquid for 239Pu and 241Arn content 

(usmg alpha and gamma spectrometry respectmely) 9) weiglung the wet solid sample (left 

from step 5) 10) drymg the wet sohd under a heat lamp for 48 hours then w e i g h g  agam 

to obtam the weight of the residual extractant liquid left behmd from the decantmg 

procedure and 11) analyzmg the dried soil samples for 239Pu and 241Arn content usmg 

gamma spectrometry 
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For the 80 C desorption experiments extra care was taken durmg transferring and 

centrrfugmg so that the temperature would be mamtmed as close to 80 C as possible To 

that end the pipette hps OR tubes and the centrifuge rotor used were preheated to 

-100°C The desorphon experunents at 80 C conslsted of 1) weighmg 2 5 g of the RFETS 
sieved sod (wth a parttcle srze of e53 mm) rnto an Oak &dge centnfuge tube 2) addmg 20 

ml of a freshly prepared leadung soluhon to the soil m the tube and cappmg the tube 

hghtly 3) placmg the tube m a specially designed sihcone oil surrounded shaker (see 

Figure 1) whose temperature had been equilibrated to 80 C for 24 hours 4) quickly 

transferring the tube c o n t a m g  the equilibrated solution rnto an -100 C preheated 

centrifuge rotor and centrrfugmg for 10 mmutes at 20 000 rpm 5) qwckly and carefully 

decantmg the liquid mto a preheated fresh tube 6) placmg the tube contalrung the 

decanted hqwd rnto a preheated centnfuge rotor and centrhqpngfor 10 mmutes at 20 000 

rpm 7) qulckly pipettrng 16 m l  of the centrrfuged hqmd rnto a fresh preheated tube 8) 

placmg the tube c o n t a m g  the pipetted liquid mtma preheated cedtrifuge rotor and* 

centrifupg for 10 m u t e s  at 20 000 rpm 9) pipettmg 5 mL of centnfuged soluhon mto a 

tared vial contaming 1 mL of fresh extractant (to try to prevent precipitation) 10) 

analyzmg the diluted centnfuged liquid for 239Pu and 241Am content (usmg alpha and 

gamma spectrometry respectively) 11) weiglung the wet sohd sample (left from step 5) 

12) drymg the wet sohd under a heat lamp for 48 hours then weighmg agam to obtam the 

weight of the residual extractant Iiquid left behmd from the decantmg procedure and 13) 

analyzmg the dned soil samples for 23% and 241Am content usrng gamma spectrometry 

J 
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Gamma spectrometry analysis was performed usmg a 180 cc HPGe detector with a well (1 

cm m diameter and 5 cm deep ) into whch a Plexiglas capsule with the sample is placed 

l h s  geometry penruts caphung about 90Y of 241Am gammas and about 60% of the 239Pu 

gammas All dry solid samples had a very mtense 241Am 59 5 KeV peak and a much 

weaker but unrmstakably identhable B9Pu 129 5 KeV peak The reason why the Pu peak 

is weaker than the Am one 1s that only 0 006 alpha decays of 239Pu are accomparued by a 

129 5 KeV photon whereas about half of 241Am decays g v e  a 59 5 KeV photon Each dry 

solid sample was measured for about 4 hours The 39Pu concentrabon m the sohd samples 

was measured by gamma spectrometry with 20 30% accuracy m most cases the 241Am 

concentrahon was measured wth much better accuracy m both sohd and hqud samples 

3 4 2 Column Expenments A 

Column experiments were conducted using selected leachrng soh tions Kontes 

Chromaflexm Chromatography glass columns with safety water jackets were used There 

are two layers m each column The m e r  column 1s made from glass and the contammated 

Rocky Flats soil was packed mto it The outer column is made from acrylic plastic and 

used for temperature control A penstalhc pump was used to pump leaclung solubon mto 

the sod column 

r 



I '  

-i 
1 
-1 
J 
J 
I 
i 

-1 

i 

EG&G Rocky Flats Inc RFETS Document No RF/ER 94 0027 UN 
CHEMICALLY ENHANCED STEAM STRIPPING OF Document Revision 0 
RADIONUCLIDES FROM RFETS S O U  Page 19 of 30 
PHASE I "ERIM TFtEATABILIIY STUDY REPORT Effective Date 1 / 2 4 / 9 5  

The slze of the m e r  column IS 4 8 cm m diameter and 15 cm m length About 350 g of sod 

were loaded into each column about 20 g of washed sand were placed on the top and 

bottom of the column to improve the dramage of the washng solution from the soil 

column The sand had been washed twice with 5 h HC1 soluhon and once with 30% H 2 Q  

solution then rinsed 3 tunes with distdled water and air dried The flow rate m the 

columns was about lml/mm After leachmg the columns for four days with the deslred 

soluhon the columns were washed wlth 0 1 M sodium chloride The sod m the columns 

was then removed and a x  dned The dned soil sample was counted for radioactmty by 
alpha countmg A scmtdlahon alpha counter (Model SAC 4 Eberlme Instrument 

Company Santa Fe NM) was used Sod samples were counted at least four tunes for 20 

mmutes The percent removal based on total alpha activity IS reported m 4 1 2 

The sod pH was measured on a slurry that was 1 part sod and 1 part water 
4 

1 - c  

3 5 Samplmg and Data Management 

Representahveness m the amount of plutoruum m the sod to be analyzed 1s a difficult goal 

to obtam It IS extremely tune consurmng to dissolve large amounts of sod prior to alpha 

spectrometry in order to determme the exact amount of plutonium m each phase 

Therefore the soils received were air dried and sieved prior to uhlization m these 

experiments Assummg that the plutoruum is associated with a parhcular slze frachon m 
the RFETS soils choosing a narrow slze frachon (that contains a large amount of 

plutoruum) alleviates the problem of representatweness m samplmg and analysls 

All soils received from WETS were stored and handled accordmg to the guidelmes of 

LANL procedures for Storage and Handhg of Sohd Samples 3 
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4 0 RESULTS AND DISCUSSION 
4 1 Data Analysis and Interpretation 

4 1 1 Batch Desorphon Expenment 

The details and raw data used for the results presented m this secbon can be found m 

Append= D The results of the batch desorphon experiments performed at 20 C and 80 C 

are gwen m Table 1 for complexants and reducmg or oxldmng agents 

Table 1 Americium and Plutonium Removal from Rocky Flats Soils at 20 C and 80 C 
for Dishlled Water and Reducing and Oxidlzing Agents 

- 

B 
! 

I I 

5/ NaOCl 0 0 78 70 2 6 9 15 
1/ NaOCl 0 040 39 4 9  5 5 7 5 

c I 

Inspection of Table 1 mdicates that plam deioruzed water removes a neghgble amount of 

Am and Pu from the sod The uthzahon of oxidlzmg and reducmg agents by themselves 

(without a complexant) did not accomphsh significant removal of actmides from the sod at 

20 or 80 C These results were expected and the l e a h g  expenments with the redox 

agents (without a complexant) were performed for completeness 
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The differences observed between the Am and Pu removal from soil are probably due to 

the mhal oxidahon states of the actuudes m the solid phase Americium 1s likely to exist m 
the 111 oxidahon state whereas Pu IS hkely m the N omdahon state Table 2 mdicates that 

complexants (m the absence of oxidmng or reducmg agents) are more successful for the 

removal of Am than Pu The results obtamed from Table 2 are graphcally displayed m 

Appenduc E (% Removal as a Funchon of pH) Appenduc F (YO Removal as a Funchon of 

Redox Agent) and Appenduc G (YO Removal as a Fun&on of Luuviant with all Redox 

Agents Used) 

- ?  

I 

1 
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pH 
eq eq Redox at Complexmg 

Agent NaOH H2Q A p t  

0 1 M Citnc Aad 0 0 2.2 
1 0 3.5 

2 0 4 6  

-: ' Table 2 Americium and Plutonium Removal from Rocky Flats Soils at 20 C and 80 C 
for Complexlng Agents as a Function of p H  and Added Reducmg and Oxidlzing Agents 

bH /Am /Am /Pu /pu 
at Removal Removal Removal Removal 
800 at20 at800 at20 at80 

2 4  29 36 28 63 

3.5 51 52 56 F+ 

49 60 71 36 58 
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4 

5 

4 50 

4 32 

345 

350 

4 01 

0 87 89 60 66% 24 .640 

0 103 10.3 60 66 24 38 
0 Ascorbic Aad 6 7  69 ' '66 76 50 

0 Na2SO4 7 4  65 71 86 56 68 

0 Na2$08 40 51 64 77 

0 l/NaOCl 74 81 60 70 31 54 

B 1 

! 

0 3/H2@ 6 6  74 65 70 50 38 

i 
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pH p H  /Am /Am 
eq eq Redox at at Removal Removal Complemg 

Agent NaoH H2S04 Agent 20" 800 at200 at80 

Table 2 Conhnued 
/Pu 'Pu 

Removal Removal 
at 20 at 80 

~ ~~ ~ ~~ 
~~ ~ 

O05MNTA 1 0 32 5 7  59 69 53 51 

008MNTA 1.5 0 35 54 63 75 47 56 

OlMNTA 2 0 5 4  63 62 75 44 44 

0 1 M NaHC03 0 0 8 7  86  0 1 D 1 
d - 

0.22 0 AscorbicAad 72 71 42 13 28 ! 

012 0 Na2S2O4 66 7 1  0 1 1 2 

0015 0 3 /H2@ 89 91 1 0 1 1 

0 0 Na&Og 8.3 2 2  0 54 2 

0 037 1/ Naocl 8.3 8.5 2 3 4 8 
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All duplicate trials of the leaclung schemes found m table 2 were witlun 10% of each other 

except those marked with an An * mdicates that the duplicate 

tnals were witlun 11 15% and 0 mdicates that data for only one mal was available Spaces 

left blank mdicate that the results obtamed on duplicate runs were 315% and need to be 

repeated 

0 or those left blank 

In general the complexants are most effechve removmg Pu and Am from the soils m the 

pH range from 3 5  to 5 Basic solutions reduce the removal of Pu from the soils 

signlficantly One possible explanahon for tlus observahon B the formahon of hydroxides 

at large pH values followed by preupitahon of the actrrudes rather than solubhahon and 

removal from the soil mto the soluhon phase 

The results from Table 2 mdicate that usmg complexants alone a U 0  C over 60% of the 

americium and 50% of the plutoxuum m the soil can be removed Combqmg complexants 

with a reducmg or oxldlzmg agent yields the best results' More than 70% bf the amenaum 

and 70% of the plutoruum m Rocky Flats soils can be removed at 20 C by using a 

complexant and a reducmg agent At 20 C the largest amounts of Am were removed 

(between 70 80%) with those leaclung schemes m which ditluorute was used m a pH range 

of 5 4 7 4 with the followmg complexants citnc acid NTA EGTA DTPA EDTA At 

20 C the largest Pu removal (1 e 75%) was accomphshed with NTA / dihorute at a pH of 

-5 5 

cp + 
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For approxunately 40% of the leachmg schemes the removal of Am from Rocky Flats sods 

was found to mcrease with mcreasmg temperature For approxunately 60% of the leackung 

schemes there was no practxal difference in the removal of Am with mcreasing 

temperature (I e 210% ddference) In only two leaclung schemes (Na3Citrate / 3% H202 

and NTA / 3 33 eq NaOH / Na2S208) was there a decrease ut percent Am removal with 

lncreasmg temperature The same trends were observed for Pu with the exceptron of the 

followmg two leaclung schemes (Na2EDTA/l eq NaOH / 3% H202 and DTPA / 3 45 eq 

NaOH / 3Y H202) m which the percent Pu removal decreased with an mcrease in 

temperature 

At 80OC it is possible to remove over 70% of the Am m the soil and 60% of the Pu m the 

sod without the utrhahon of a redox agent The use of comp1exar)ts with redox agents at 

80 C removed over 80% of the Am m the soil and over 70% of the Pu from the sod At 

80 C the largest amounts of Am were removed m e e n  80-90%) wlsh those 1eachmg.q 

schemes in which dithionite was used m a p H  range of 5 4 7 4 with the fol lomg 

complexants NTA EGTA DTPA EDTA At 80°C the largest Pu removal (1 e 78%) was 

accomplished with NTA / dihorute at a pH of -5 5 

Given the formation of actmde-carbonate complexes m solutron one would expect so&um 

carbonate to strongly complex the actuudes m the sod mspemon of Table 2 mdicates that 

this is not the case at the concentrations of sodium carbonate used (from 0 1 to 2 M) Even 

with 2 M sodium carbonate only 26Y and 17% of the Am and Pu m the sods respecbvely 

were removed 

The sods utdrzed for the leaclung expernnents were sieved to a slze of less than 53 mm The 

mhal concentrabon of the sods (< 53 mm m particle srze) used for the 20 OC experunents 

(oripally from Drum AS15259401 Plot 28) was 800 pCi/g and 5 100 pCi/g for 241Am 

and 239Pu respectively The initial concentration of the soils used for the 80 OC 

experiments (origmally from Dnun AS152594 03 Plot 28) was 600 pCi/g and 4200 pCi/g 

for 241Am and 239Pu respectively Smce both the soil and the solution phases were 
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E/ 6 8  67 

counted dumg the l e a h g  experunents it was possible to calculate the total amount of 

Am and Pu III the aliquots of soils taken for the desorptron experiments The amount of 

241Am m the so& from the 20OC experments was 800 46 pCi/g the amount of 239Pu m 

the soils was 5 200 & 870 pCi/g The amount of 241Am m the soils from the 8OOC 

experments was 700 & 35 pCi/g the amount of Z9Pu m the soils was 4 500 f 700 pCi/g 

The uncertamty assouated w~th  these measurement not only represents countmg errors but 

the heterogeneity of the actuude concentrabons m the soll 

4 1 2  Column Expenments 

Table 3 summarzes the results of column experments performed with Rocky Flats sods 

The removal of alpha achvity from the soll was attempted usmg vanous leadung schemes 

All the column expenments were performed at room temperature and 75 "C 

Table 3 Results of Column Studies 

L 

B v 

0 1 M So&m Chlonde 

0 1 M S d u m  Citrate I 22/ I 3801 I 6 8  I 8.3 I 

0 1 M !3ochum Citrate 
wth 0 1 M Ascorbic Aad 



EG&G Rocky Flats Inc RFETS Document No RF/ER 94 0027 UN 
CHEMICALLY ENHANCED STEAM STIUPPING OF Document Revision 0 
RADIONUUDES FROM RFETS SOILS Page 28 of 30 
PHASE I INTERIM TREATABILITY STUDY REPORT Effective Date 1 / 2 4 / 9 5  

Column results were consistent with batch desorphon data Results suggest that httle or no 

radioachvity was removed from the soil by leaclung with 0 1 M sodun chlonde soluhon at 

20 C and 75 C About 20% of the radioactivity could be washed out by usmg 0 1 M 

sodium citrate An mcrease m temperature would enhance the removal of radionuchdes 

from soils usmg a citrate soluhon m the absence of a redox agent However only about 

40% of radionuchdes were removed by usmg sodrum citrate alone as a leaclung solubon 

About 70 BOO/ of the radioachwty could be removed from the sod column by usrng sodium 

citrate m conjunchon wth  a redumg agent such as ascorbic aad or the ditluomte ion The 

removal rate of radionuchdes from sods stayed basically constant (withm the error of the 

analyhcal procedure used) as the temperature mcreased from 20 C and 75 C m the cases 

where the leachmg soluhon contamed a reducmg agent It should be noted that the 

radioachwty removal rates were measured usmg total alpha cowltmg and there may be 

about 15 /o potenhal expenmental error resultmg from the uthahon of tlus method 
B i 

I 
- 2  

4 2 Quality Assurance And Control 

Work performed m h s  project is governed by the Work Plan for Chermcally Enhanced 

Stream Strippmg of Radionuchdes m RFETS Sods Quality Assurance Requlrements and 

apphcable Standard Operatmg Procedures wluch have been approved by the Los Alamos 

Nahonal Laboratory Quality Assurance Orgaruzabon All batch desorphon and column 

experunents were performed m duphcate The data obtamed were stored m spreadsheets 

usmg Mcrosoft Excel Hard copies of the spreadsheets whch mclude the data obtamed 

and any procedural deviahons are signed by the techrucian p e r f o m g  the work and the 

prmcipal mvestrgator Electromc copies of the spreadsheets are stored on a hard disk dnve 

wluch s backed up on to an ophcal dsk  on a weekly bass All the procedures used follow 

quahty assurance p d e h e s  
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1 

1 

1 
3 
I 

.. I 

i 
1 

0 ZOO M Ascorbzc Aczd 1 76 g of ascorbic aad ( F W  = 176 1) were dissolved m enough 

O ZOO M Ascorbzc Aczd / Z eq NaOH 1 76 g of ascorbic acid (FW = 176 1) and 10 0 mL of 

0 ZOO M NuzS2O4 1 74 g of sodium ditluorute (FW = 174 1) were dissolved in enough 

3% H202 Taken hrectly from reagent bottle 

0 ZOO M NatStOg 

distdled water to produce 100 mL of soluhon 

1 00 M NaOH were &ssolved in enough distdled water to produce 100 mL of soluhon 

distdled water to produce 100 mL of solution 

2 38 g of sod~um persulfate (FW = 238 0) were &ssolved m enough 
distdled water to produce 100 mL of solubon 

5% NaOCl Taken dlEertly from dorox bleach bottle - 
1% NaOCl / 0 40 eq H2SO4 16 7 mL of 6% NaOCl and 4 0 mL of 1 00 N &SO4 were 

0 ZOO M Crtnc Aczd 2 10 g of Citric aud monohydrate (FW = 210 0) were hssolved in 

0 ZOO M Cztrzc Aczd / I eq NaOH 2 10 g of Citric aad monohydrate (FW = 210 0) and 

dlssolved m enough water to produce 100 mL of solubon 

enough dlstdled water to produce 100 mL of soluhon I 

10 0 mL of 1 00 M NaOH were dissolved m enougR dstrlled water tb produce 100 mL! .) 
of solubon 

0 ZOO M Cztnc Aczd / 2 eq NaOH 2 10 g of Citric acid monohydrate (FW = 210 0) and 
20 0 mL of 1 00 M NaOH were dissolved in enough drstdled water to produce 100 mL 
of solubon 

0 100 M Sodium Citrate 2 94 g of sochum citrate dhydrate (FW = 294 1) were dlssolved in 
enough dlstdled water to produce 100 mL of solution 

0 ZOO M Sodzum Cztrate / 0 100 M Ascorbu: Acsd 2 94 g of s o & m  atrate drhydrate (FW = 
294 1) and 1 76 g of ascorbic aud (FW = 176 1) were dissolved m enough dstdled water 
to produce 100 mL of solubon 

O ZOO M Sodium Citrate / Z eq NaOH / 0 ZOO M Ascorbzc Aczd 2 94 g of sodmm citrate 
&hydrate (FW = 294 1) 10 0 mL of 1 00 h4 NaOH and 1 76 g of ascorbic aad (FW = 
176 1) were drssolved in enough dlsblled water to produce 100 mL of solubon 

O 100 M Sodium Czfrate /O ZOO M NazS204 2 94 g of so&um atrate drhydrate (FW = 294 1) 
and 1 74 g of sodium ditluorute (FW = 174 1) were dissolved in enough dxstdled water 
to produce 100 mL of solution 

2 94 g of sodun atrate 
drhydrate (FW = 294 1) 5 3 mL of 1 00 M NaOH and 1 74 g of sod~um drhomte (FW = 
174 1) were &ssolved in enough dstdled water to produce 100 mL of solubon 

0 100 M Sodium Cztrate 1 0 53 eq NaOH / 0 ZOO M NazS204 
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0 267 M Sodzum Citrate / 0 011 M NaHC03 / 0 480 M NazS204 7 85 g of SO&U atrate 
dihydrate (FW = 294 1) 0 0932 g of sodium bicarbonate (FW = 84 0) and 8 34 g of 
sodium dithoxute (FW = 174 1) were dissolved in enough disblled water to produce 
100 mL of solubon 

0 ZOO M Sodrum Citrate / 3 h H202 2 94 g of sodium citrate dihydrate (FW = 294 1) were 
dissolved m enough 3 /o hydrogen perowde to produce 100 mL of solubon 

0 100 M Sodzum Cztrate / 0 100 M Na2S208 2 94 g of sodium atrate &hydrate (FW = 294 1) 
and 2 38 g of sodium persulfate (FW = 238 0) were &ssolved in enough distdled water 
to produce 100 mL of solubon 

0 100 M Sodzurn Citrate / 0 76 eq H2SO4 / 1 % NaOCl 2 94 g of s d u m  atrate dhydrate (FW 
= 294 1) and 7 6 mL of 1 00 N H2SO4 were chssolved m enough 1% NaOCl to produce 
100 mL of solubon 

tetraacehc aad (FW = 380 4) and 20 0 mL of 1 00 M NaOH were dissolved m enough 
distdled water to produce100 mL of solubon 

tetraacetic aud (FW = 380 4) and 30 0 mL of 1 00 M NaOH were dissolved m enough 

0 100 M EGTA / 2 eq NaOH 3 80 g of Ethyleneglycol-O 0 bis(2 armnoethyl) N N,N N 

0 100 M EGTA / 3 eq NaOH 3 80 g of Ethyleneglycol-O 0 bis(2 amnoethyl) N N,N N 

drstdled water to produce100 mL of solubon b 

0 ZOO M EGTA / 3  5 e9 NaOH 3 80 g of Ethyleneglycol-O 0 bs(2 ar~unoethyl)-NN N',N 
tetraacehc aad (FW = 380 4) and 35 0 mL of 1 OWNI NaOH were &solved m enougfl I 
dstdled water to produce100 mL of solubon 

tetraacehc aud (FW = 380 4) and 40 0 mL of 1 00 M NaOH were dissolved m enough 
distdled water to produce100 mL of solubon 

0 100 M EGTA / 3 27 eq NaOH /O 100 M Ascorbic Actd 3 80 g of Ethyleneglycol-O 0 bis(2 
amnoethyl) N N N N' tetraacebc aad (FW = 380 4) 32 7 mL of 1 00 M NaOH and 
1 76 g of ascorbic acid (FW = 176 1) were dissolved in enough &stdled water to 
produce 100 mL of soluhon 

0 ZOO M EGTA / 2 89 eq NaOH / 0 ZOO M Na2S204 3 80 g of Ethyleneglycol-O 0 bis(2 
amnoethyl) N N,N N tetraacehc aud (FW = 380 4) 2 89 mL of 1 00 M NaOH and 
1 74 g of sodium dtluorute (FW = 174 1) were dissolved m enough dishlled water to 
produce 100 mL of solubon 

N N,N N' tetraacehc aa- = 380 4) and 23 0 mL of 1 00 M NaOH were chssolved m 
enough 30/ hydrogen perowde to produce 100 mL of solution 

0 100 M EGTA / 2 30 e4 NaOH / 0 100 M Na2S208 3 80 g of Ethyleneglycol-0 0 bis(2 
amnoethvl) N N N N tetraacetic acid (FW = 380 4) 23 0 mL of 1 00 M NaOH and 
2 38 g of sodurn persulfate (FW = 238 0) were dissolved m enough drstdled water to 
produce 100 mL of soluhon 

0 100 M EGTA / 4 eq NaOH 3 80 g of Ethyleneglycol-O 0 bis(2 armnoethyl) N N N N 

0 ZOO M EGTA /2 30 eq NaOH/3 /o H202 3 80 g of Ethyleneglycol-O 0 bis(2 armnoethyl) 
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0 100 M EGTA / 2 38 eq NuOH / 1 / NuOCZ 3 80 g of Ethyleneglycol 0 0 bis(2 
amnoethyl) N N N N tetraacetic acid (FW = 380 4) and 23 8 mL of 1 00 M NaOH 
were dissolved m enough 1 / NaOCl to produce 100 mL of solubon 

3 72 g of the Disodium salt of ethylenediamine tetraacetic acid 
dihydrate (Fw = 372 2) were dissolved in enough dshlled water to produce 100 mL of 
solution 

0 100 M Nu2EDTA / 2 eq NuOH 3 72 g of the Disodium salt of ethylenediamne tetraacetic 
acid dihydrate (FW = 372 2) and 10 0 mL of 1 00 M NaOH were dissolved m enough 
distdled water to produce 100 mL of solution 

0 100 M Nu2EDTA / 2 eq NuOH 3 72 g of the Disodium salt of ethylenediamne tetraacetrc 
acid dihydrate (FW = 372 2) and 20 0 mL of 1 00 M NaOH were dissolved m enough 
distdled water to produce 100 mL of solution 

0 100 M Nu2EDTA 1 2 eq NaOH / 0 100 M Ascorbic Acid 3 72 g of the &sodium salt of 
ethylenediarmne tetraacehc acid (FW = 372 2) 20 0 mL of 1 00 M NaOH and 1 76 g of 
ascorbic aad (FW = 176 1) were dssolved m enough chsblled water to produce 100 mL 
of solution 

3 72 g of the diso&um salt of 
ethylenediarmne tetraacetic acid (FW = 372 2) 10 0 mL of 1 OOM NaOH and 1 74 g of 
so&um &thomte (FW = 174 1) were dissolved in enough &stdled water to produce 
100 mL of solubon. 

0 100 M Nu2EDTA / 1 eq NuOH / 30/ H202 3 72 g of the disodum salt of ethylenediarmne 
tetraacetx aad (FW = 372 2) and 10 0 mL of 1 00 M NaOH were lssolved rn enough 
3% hydrogen peroxlde to produce 100 mL of soluhon 

0 100 M Nu2EDTA / 1 eq NuOH / 0 ZOO M Nu2S20 8 3 72 g of the &sodium salt of 
ethylenediamne tetraacehc acid (FW = 372 2) 10 0 mL of 1 00 M NaOH and 2 38 g of 
sodium persulfate (FW = 238 0) were &ssolved m enough hshlled water to produce 
100 mL of soluhon 

3 72 g of the disodium salt of 
ethylenediamine tetraacehc acid (FW = 372 2) and 8 3 mL of 1 00 M NaOH were 
dlssolved m enough 1% NaOCl to produce 100 mL of solubon 

0 ZOO M DTPA /2 eq NnOH 3 93 g of Diethylenetnamnepentaacehc acid (FW = 393 3) and 
20 0 mL of 1 00 M NaOH were dissolved in enough Astrlled water to produce 100 mL 
of solubon 

0 100 M DTPA / 3  eq NaOH 3 93 g of Diethylenetriamnepentaacetic acid (FW = 393 3) and 
30 0 mL of 1 00 M NaOH were dissolved in enough dstdled water to produce 100 mL 
of soluhon 

0 100 M DTPA / 3  37 eq NuOH 3 93 g of Diethylenetriammepentaacetrc aud (FW = 393 3) 
and 33 7 mL of 1 00 M NaOH were dissolved in enough distdled water to produce 100 
mL of soluhon 

0 100 M NuzEDTA 

0 100 M Nu2EDTA / 1 eq NuOH / 0 ZOO M Nu2S204 

e 1 r 
*t 

0 ZOO M Nu2 EDTA / 0 83 eq NuOH / 1” NuOCZ 
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0 ZOO M DTPA / 4  eq NaOH 3 93 g of Diethylenetriammepentaacetic acid (FW = 393 3) and 
40 0 mL of 1 00 M NaOH were dissolved in enough dstllled water to produce 100 mL 
of soluhon 

0 100 M DTPA /5 eq NaOH 3 93 g of Diethylenetriamnepentaacetic acid (FW = 393 3) and 
50 0 mL of 1 00 M NaOH were dissolved in enough dstdled water to produce 100 mL 
of soluhon 

0 ZOO M DTPA / 4 50 eq NaOH / 0 100 M Ascorbic Aczd 3 93 g of 
Diethylenetriaminepentaacetic aud (FW = 393 3) 45 0 mL of 1 00 M NaOH and 1 76 g 
of ascorbic aud (FW = 176 1) were dssolved in enough hstdled water to produce 100 
mL of solubon 

0 ZOO M DTPA / 4 32 eq NaOH / 0 ZOO M Na2S2O4 3 93 g of Diethylene-triamepentaacetic 
aud (FW = 393 3) 43 2 mL of 1 00 M NaOH and 1 74 g of sodium ditluoxute (FW = 
174 1) were dssolved in enough distilled water to produce 100 mL of soluhon 

0 ZOO M DTPA / 3 45 eq NaOH / 30/ H202 3 93 g of Diethylenetriamme pentaacetic acid 
(FW = 393 3) and 34 5 mL of 1 00 M NaOH were dissolved in enough 3% hydrogen 
peromde to produce 100 mL of soluhon 

0 100 M DTPA / 3  50 eq NaOH /O 100 M Na2S208 3 93 g of Diethylene triammepentaacehc 
aud (FW = 393 3) 35 0 mL of 1 00 M NaOH and 2 38 g of smhm persulfate (FW = 
238 0) were cissolved in enough &stilled water to produce 100 mL of solubon 

0 ZOO M DTPA / 4 01 eq NuOH / 1% NaOCl 3 93 g ofd)iethyleqetnam&e pentaacehc acid ~ 

(FW = 393 3) and 40 1 mL of 1 00 M NaOH were dssolved m enough &sued  water to 
produce 100 mL of soluhon 

0 955 g of Nitrilotriacetic aud &hydrate (FW = 191 1) and 
10 0 mL of 1 00 M NaOH were dssolved in enough dstrlled water to produce 100 mL 
of soluhon 

1 53 g of Nitrilotriacebc acid dhydrate (FW = 191 1) and 
15 0 mL of 1 00 M NaOH were dissolved in enough dstdled water to produce 100 mL 
of soluhon 

191 g of Vitrilotriacetic acid dihydrate (FW = 191 1) and 
20 0 mL of 1 00 M NaOH were dissolved in enough dstdled water to produce 100 mL 
of soluhon 

191 g of Nitrilotriacebc acid dihydrate (Fw = 191 1) and 
25 0 mL of 1 00 M NaOH were dissolved in enough dstdled water to produce 100 mL 
of solubon 

1 91 g of Nitnlotriacehc acid dlhydrate (FW = 191 1) and 
30 0 mL of 1 00 M NaOH were dissolved in enough dstdled water to produce 100 mL 
of solubon 

0 ZOO M NTA / 3 33 eq NaOH / 0 ZOO M Ascorbic Acrd 1 91 g of Nitrilotriacetic acid (FW = 
191 1) 33 3 mL of 1 00 M NaOH and 1 76 g of ascorbic aud (FW = 176 1) were dssolved 
in enough distdled water to produce 100 mL of soluhon 

0 050 M NTA / 1 eq NaOH 

0 080 M NTA / 2 5 eq NaOH 

0 ZOO M NTA / 2 eq NaOH 

0 ZOO M NTA / 2 5 eq NaOH 

0 ZOO M NTA / 3 eq NaOH 
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0 100 M NTA / 2 68 eq NaOH / 0 100 M Na2S204 1 91 g of Nitrilotriacebeaud (FW = 
191 1) 26 8 mL of 1 00 M NaOH and 174 g of sodium dithoiute (FW = 174 1) were 
&solved 111 enough distdled water to produce 100 mL of solubon 

0 100 M NTA / 2 22 eq NaOH / 3Y H202 1 91 g of Nitrilotriacehc acid (FW = 191 1) and 
22 2 mL of 1 00 M NaOH were dissolved in enough 3O/ hydrogen peroxide to produce 
100 mL of solubon 

0 100 M NTA / 2 18  eq NaOH/O 100 M Na2S2O8 1 91 g of Nitrrlotnacetic acd (FW = 191 1) 
and 21 8 mL of 1 00 M NaOH and 2 38 g of sodium persulfate (FW = 238 0) were 
dissolved m enough distdled water to produce 100 mL of solubon 

0 100 M NTA / 2 20 eq NaOH / 1% NaOCZ 1 91 g of Nitrilotriacehc aud (FW = 191 1) and 
22 0 mL of 1 00 M NaOH were lssolved m enough 1% NaOCl to produce 100 mL of 
soluhon 

2 00 M Na2CO3 21 2 g of sodium carbonate (FW = 106 0) were dssolved m enough 
distdled water to produce 100 mL of solubon 

0 100 M Nu2CO3 106 g of sodium carbonate (EW = 106 0) were dssolved m enough 
dlstdled water to produce 100 mL of solubon 

0 100 M NaHCO3 0 840 g of sodium carbonate (Fw = 84 0) were dissolved in enough 

0 100 M NaHCO3 / 0 22 e9 NaOH / 0 ZOO M Ascorbzc Aczd 0 840 g of *urn bicarbonate 

distdled water to produce 100 mL of solubon A 

(FW = 84 01) 2 2 mL of 1 00 M NaOH and 1 76 g bf ascorbic aad  (hV  = 176 1) were' 
&solved m enough &sued water to produce 100 mL of solubon 

0 100 M NaHCO3 /0 22 eq NaOH / O  200 M Na2S2O4 0 840 g of SodIum bicarbonate (FW = 
84 01) 1 2 mL of 1 00 M NaOH and 1 74 g of sodium dIthorute (FW = 174 1) were 
dissolved m enough lsblled water to produce 100 mL of soluhon. 

0 ZOO M NaHCO3 / 0 025 eq NaOH /3% H202 0 840 g of Sodium bicarbonate (FW = 84 01) 
and 0 15 mL of 1 00 M NaOH were dissolved in enough 3% hydrogen peroxide to 
produce 100 mL of soluhon 

0 840 g of Sodium bicarbonate (FW = 84 01) and 
2 38 g of sodmm persulfate (EW = 238 0) were dmolved 111 enough distdled water to 
produce 100 mL of soluhon 

0 100 M NaHCO3 / 0 37 eq H2S04 / 1% NaOCZ 0 840 g of Sodium bicarbonate (FW = 84 01) 
and 3 7 mL of 1 00 N H2S04 were dissolved in enough 1% NaOCl to produce 100 mL 
of solubon 

0 100 M NaHC03 / 0 100 M Na2S208 
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Appendix B Complexants 

OH 

H O W  ft7 COOHCOOH 

Citnc Acid 

1 

HOOC (,7 COOH COOH 

NTA 
Nitnlotnacettc Acid 

COOH 
N N 

HOOCJ COOH 

HooC-T n /I 

EDTA 
Ethylenedlarmne tetracehc a a d  

COOH HooC7 A I-\- 
N 0 O N- 

HOOCJ-- L C O O H  

EGTA 
Ethyleneglycol 0 0 bs(ammoethy1) N N,”,” tetraacehc acid 

COOH 

H0OCJN (“ COOH 

H o o C 7  n 
N 

COOH 
\ 

DTF’A 
I>lethylenetnammepentaaceuc acid 

B 1  
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Appendix C Oxidizing and Reducing Agents 

Oxidizine Agents 

0 0 - 
I I o=s 0 0 s=o 
II II .~ 
0 0  

persulfate ion 

Reducing Agents 

0 0  
o=s- s a  
&th~omte ion 

I I  

H O O H  

hydrogen 
peroxide 

CHZOH 

H O h o  - 

HO OH 

ascorbic acid 
- 2  

NaOCl 

bleach 
(sochum hypochlonte) 

* 
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Appendix D 

Data for Batch Desorpbons - 2  at 20" and 80" 

J [NOTE For the column in which the Average Percent Removal of Radionuclide 1s given 
almost all of the duplicates were wthin 20% of each other unless otherwise marked An 
indicates that duplicate tnals were within 11 15 % a 0 indicates that data for only one 
trial was available and a duplicate needs to be run and a t indicates that the results 
obtained on duplicate runs were greater than 15% and the experiment needs to be 

I 
t 
t repeated ] 
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Append= G 

% Removal as a Funchon of Luciviant with all Redox Agents 
Used at 20' and 80° 
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H1 

Append= H Sample Calculabons 

[NOTE For the 80°C desorphons the solution analyzed for its radionuclide content 
mcluded 1 ml of an aqueous soluhon to prevent evaporabon plus 5 m l  of the leacfung 
soluhon (after the sod was leached) Thw was not done for the experunents at 20" m the 
latter experunents 6 m l  of the leaclung soluhon after sod leadung were analyzed no extra 
soluhon was added to the bottle sent for analysis ] 

Let 

D = Ahquot of soil leached g 

- 7  

i 

1 

1 
I 

I J  
1 

E = Ahquot of leadung solubon added to the sod g 

L = Ahquot of leadung solubon (after the sod was leached) + aqueous solubon (to 
prevent evaporabon) analyzed for its rachonuclide content g 

M = Ahquot of leachtng soluhon (after the sod was leached) m liqud analyzed g 

Q = Radonuchde concentrahon m liqrud analyzed pCi/g 

N = Rahonuchde concentratton m dry sod analyzed pCi/g 

J = Liqud assoaated with wet sod (whch was dried and analyzed for its radonuchde 
content after leadung) g 

Rn = Rachonuchde 

amt of Rn m leachmg soh 
x 100 Rn removed = arnt of Rn m leachmg soh + amt of Rn rn leached sod 

pCi of Rn m leadung soluhon (after soil leacfung) = Q x E x (L/M) - 
\ 
dubon factor 

pCi of Rn mleached sod = N x D [Q x J x (L/M)J 

7 &IS term takes mto aaount h e  leaclung 
solutmn that remamed behrnd m the sod 

x 100 
Q x E  x &/M) 

YO removed = Q x E x (L/M) + N x D [Q x J x (L/M)J 

- -  



H-2 

For mtance 

% Am Removed for Sample No 296 at 80° (leaclung solutron Na2EDTA second trial) = 1 
I 

x 100 
45pCi/g x 1939g x (625g/525g) 

I 

45pG/g x 1939g x(62!jg/525g) + 202pG/gx252g [45pG/gxl7lgx(625g/525g)l 

I 

1038 8 pCi 
- 1456 2 pCi x 100 - 

- 1  = 71% 
I 

[NOTE For the 20" NI~S the calculation is exactly the same except that L = M and the 
tern L/M drops out of the equabon J -1 


